A series of rare-earth metal diisopropylamide complexes has been obtained via salt metathesis employing LnCl 3 (THF) x and lithium (LDA) or sodium diisopropylamide (NDA) in n-hexane. Reactions with AM : Ln ratios ≥3 gave ate complexes (AM)Ln(NiPr 2 ) 4 (THF) n (n = 1, 2; Ln = Sc, Y, La, Lu; AM = Li, Na) in good yields. 
Synthesis and structural diversity of trivalent rare-earth metal diisopropylamide complexes † ‡ 4 (THF) n (n = 1, 2; Ln = Sc, Y, La, Lu; AM = Li, Na) in good yields.
For smaller rare-earth metal centres such as scandium and lutetium, a Li : Ln ratio = 2.5 accomplished ate-free tris(amido) complexes Ln(NiPr 2 ) 3 (THF). The chloro-bridged dimeric derivatives [Ln(NiPr 2 ) 2 (µ-Cl)-
Introduction
In a "Celebration of Inorganic Lives" interview in 1999 Don Bradley mentioned about the seminal discovery of the homoleptic bis(trimethylsilyl)amide complexes Ln[N(SiMe 3 ) 2 ] 3 "to get a three-coordinated lanthanide was incredible". 1 Indeed, the "establishment of the very lowest coordination numbers of the lanthanides" in 1972 2 not only triggered immense research in the field of discrete organorare-earth metal complexes but also launched the exploitation of rare-earth metal amide complexes as synthesis precursors according to amine/amido elimination reactions. 3 In 1976, it was again Bradley et al. who communicated the synthesis of the first diisopropylamide complexes, Nd(NiPr 2 ) 3 (THF) and Ln(NiPr 2 ) 3 (Ln = Y, Yb). 4 The authors of this paper emphasized that these complexes should display enhanced reactivity (due to less sterically demanding amido ligands of increased basicity) though their enhanced thermal instability might negatively affect their broad application. Later on, the use of tailor-made amido ligands, 5-8 including mixed silyl/silyl, 6 featuring additional secondary Ln/C/Si/F interactions, as well as Ln(tmp) 3 (tmp = 2,2,6,6-tetramethylpiperidinato). 8c Though coordination of donor solvent molecules is required to accomplish monomeric tris(amido) complexes bearing less bulky amido ligands, such complexes are more prone to amido exchange, as routinely screened for Ln[N(SiHMe 2 ) 2 ] 3 (THF) x .
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Crucially, alkylamide complexes such as Ln(NiPr 2 ) 3 (THF) x should display even higher reactivity than Ln[N(SiHMe 2 ) 2 ] 3 -(THF) x due to similarly sized amido ligands of enhanced basicity ( pK a,THF = 22.6 (HN(SiHMe 2 ) 2 ), 11 35 .7 (HNiPr 2 )). 12 However, the design and development of the carbon-analogous alkylamide complexes received only little attention. The targeted synthesis of well-defined diisopropylamide derivatives is impeded by ate complex formation and their structural elucidation by extensive iPr disordering in the solid state. As a consequence there is only a limited number of protocols applying Ln(III) diisopropylamide complexes as synthesis precursors. 8a,13-15 As demonstrated by Bradley in 1976, rareearth metal diisopropylamides can be readily synthesized from LnCl 3 (THF) x and alkali metal amides like lithium diisopropylamide (LDA) 4 and sodium diisopropylamide (NDA). It is noteworthy that LDA features the most prominent metal amide, especially its strongly basic/weakly nucleophilic behaviour makes it the deprotonating reagent of choice in organic synthesis. 16 In 1993, Aspinall et al. employed La(NiPr 2 ) 3 (THF) and LiLa(NiPr 2 ) 4 as precursors for the synthesis of phosphide complexes according to protonolysis protocols and emphasized a superior reactivity when compared to La[N(SiMe 3 ) 2 ] 3 . 13a Ate complexes LiLn(NiPr 2 ) 4 (THF) (Ln = Y, Yb) were crystallographically examined in the following year, 17 but due to severe disorder the structures could not be solved. In 1996, Evans et al. structurally characterized LiNd(NiPr 2 ) 4 (THF) as a sideproduct of the NdCl 3 -LDA (1 : 2.9) reaction in THF and pointed out the presence of Nd⋯(H-C) β-agostic interactions as suggested by short Nd-C distances and acute Nd-N-C angles, 13b,18-21 whereas the La derivative was first crystallographically authenticated in 2003 but not further characerized. 21 One year earlier, Gambarotta et al. described various samarium amide complexes bearing the dicyclohexylamido ligand (NCy 2 ), among others ate-free heteroleptic complexes [Sm(NCy 2 ) 2 (THF)(µ-Cl)] 2 . 8a Our group described the synthesis of ate-free complexes Ln(NiPr 2 ) 3 (THF) x (Ln = Sc, Lu (x = 1), Y (x = 2)) via protonolysis of Ln(CH 2 SiMe 3 ) 3 (THF) 2 with isopropylamine and used them as precursors to access heteroleptic complexes supported by chelating diamido ancillary ligands. 22 The atomic connectivity of Y(NiPr 2 ) 3 (THF) 2 could be unambiguously determined by an X-ray structure analysis but due to heavy ligand disorder in the solid state at 143 K a closer inspection of the molecular structure was infeasible. 22 Similarly, we applied [Sc(NiPr 2 ) 2 (THF)-(µ-Cl)] 2 for the synthesis of alkali-metal-free salen complexes. 14a Recently, trivalent ate complexes LiCe(NCy 2 ) 4 (THF) and LiCe(NiPr 2 ) 4 (THF) were employed for the synthesis of homoleptic tetravalent complexes Ce(NCy 2 ) 4 and Ce(NiPr 2 ) 4 applying tandem oxidation/ ligand redistribution protocols. 23 In view of the limited knowledge about rare-earth metal complexes bearing the supposedly most popular amido ligand we set out to gain an in-depth understanding of simple Ln(III) diisopropylamide complexes. Our interest in trivalent diisopropylamide rare-earth metal complexes was also triggered by our recent finding that homoleptic Ce(NiPr 2 ) 4 is a useful precursor in Ce(IV) chemistry. 23 On the basis of a few literature reports it was clear that the outcome of any salt metathesis protocol is sensitively affected by the stoichiometry, Ln(III) metal size, alkali metal reagent, solvent, and temperature. 13,15b Moreover, compared to Ln(III)-N(SiHMe 2 ) 2 derivatives, the handling of Ln(III)-NiPr 2 is aggravated by an enhanced sensitivity toward moisture and thermal instability. 4, 24 Here we present the targeted synthesis of a number of rare-earth metal diisopropylamide complexes according to salt metathesis routes including mono(amido), bis(amido), tris(amido), and tetra(amido) derivatives. The study not only puts main emphasis on the prevailing solid-state structures but also aims at a better understanding of the solution behaviour. And it is precisely the increased thermal instability and potential formation of product mixtures, which in some cases made it difficult to obtain satisfactory microanalytical data.
Results and discussion
As part of an initial solvent screening study, we found that the best tractable complexes, in terms of purity and yield, are obtained using aliphatics like n-hexane instead of THF as a solvent. The alkali metal precursors lithium diisopropylamide (LDA) and sodium diisopropylamide (NDA) were synthesized freshly from HNiPr 2 /n-BuLi 25 3 (THF) y exclusively. 27 The formation of pure Ln(NiPr 2 ) 3 (THF) y of the large Ln(III) centres seems hardly controllable since they feature reactive intermediates en route to the thermodynamically favoured ate complexes.
Spectroscopic properties and dynamic behaviour
The compounds described in this paper have been successfully isolated as main products and recrystallized repeatedly, but in some cases the elemental analysis indicated the presence of small amounts of byproducts, the formation of which is difficult to avoid. Fig. S16 ‡) . Surprisingly, the complex LiY(NiPr 2 ) 4 (THF) (1b) with the smaller-sized yttrium centre also revealed a decoalescence temperature at ca. 0°C ( Fig. 1 and S13 ‡). In contrast, for the sodium ate complex NaY(NiPr 2 ) 4 (THF) (2b) separation of the amido signal set did not occur until a temperature of ca. −70°C. This might be attributed to a weaker (ionic) bonding of the Na(THF) + fragment with the amido ligands compared to the Li(THF) + fragment (ESI; Fig. S17 ‡) . Moreover, the THF-free ate complex LiY(NiPr 2 ) 4 (8) revealed a dynamic behaviour distinct from LiY(NiPr 2 ) 4 (THF) (1b). Separation of the amido signal set into signals for terminal and bridging ligands occurred at ca. 0°C (CH 3 ) and ca. −20°C (CH), while the diastereotopy of the iPr methyl groups of the bridging amido ligands became visible only at −30°C ( Fig. 1 and S27 ‡). Such consecutive decoalescence behaviour can be ascribed to a distinct lithium-amido interaction in THF-free 8, which is also supported by shorter Li-N contacts compared to those in 1b (av. 2.014 versus 2.058 Å; vide infra, see Fig. 10 and Table 1 ). Since the formation of M⋯CH(NiPr) β-agostic bonding has been discussed at several instances in the literature we screened complexes 1-10 for the presence of such secondary interactions. While the aforementioned NMR investigations revealed highly dynamic behaviour in solution for all of the compounds even at low temperatures (e.g., 1b: 13 C NMR signals at −35°C: CH: detected for complexes 1-10. Such lower energy bands can be assigned to agostic and non-agostic C-H(methine) stretching vibrations. 20, 29 This would be in accordance with the solidstate structure of complexes 1-10 which feature asymmetric amido bonding involving distinct Ln-N-C angles and apparent close intramolecular M⋯CH contacts (vide infra). C-H (methine) stretching vibrations at even lower energy, occurring in alkali metal amides and alkoxides with heteroatom-CH bonding, have been assigned to hyperconjugation.
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Solid-state structures Ate complexes AMLn(NiPr 2 ) 4 (THF) n ; n = 1, 2; Ln = Sc, Y, La, Lu; AM = Li, Na. The reaction pathway A (Scheme 1) employing LnCl 3 (THF) x along with 3-4 equiv. LDA or NDA led to the formation of bimetallic ate complexes of the type AMLn-(NiPr 2 ) 4 (THF) n (n = 1, 2; Ln = Sc, Y, La, Lu; AM = Li, Na). The single crystals obtained from the 3-equiv. reactions were analyzed as the mono(THF) adducts 1a-d and 2a-d ( Fig. 2 and S1-S5 ‡), being structurally analogous (monoclinic space group P2 1 /c) with previously reported LiNd(NiPr 2 ) 4 proved to be structurally analogous as well, but a complete crystallographic data set was not collected. The solid-state structures show two distinct molecules per asymmetric unit ( Fig. S6 ‡) . The lanthanide centres are coordinated by four nitrogen atoms in a distorted tetrahedral fashion, involving two terminal and two bridging amido ligands. The Ln-N and AM-N bonds are in the expected range (Table 1) .
Moreover, Ln-N-C angles clearly smaller than 120°were observed, which have been proposed as indicators for Ln⋯CH β-agostic interactions. 20 The presence of such additional secondary interactions could not be confirmed by solution NMR spectroscopy (vide supra). In order to verify their existence and strength, DFT calculations have been carried out on 1a at the B3LYP/def2TZVP level of theory. 36 The DFT-optimized geometry of 1a (henceforth denoted as 1a′) is in very good agreement with its experimentally determined structure in the solid state; in particular, the Sc-N-C bond angles deviate by not more than 1.2% from their experimental counterparts (for details, see the ESI ‡). Crystal packing forces can therefore be ruled out as a cause for the asymmetric coordination observed for the amido ligands. The β-C-H bonds in the bridging amido ligands of 1a′ display identical bond lengths, whereas they differ, however slightly, for the terminal ligands: the smaller Sc-N-C angles (104.3°vs. 142.3°) are accompanied by subtly elongated β-C-H bonds (1.103 Å vs. 1.096 Å), which bring the respective H atoms in 2.502 Å proximity to Sc. The small deviations in β-C-H bond lengths suggest fairly weak agostic interactions with the Sc centre seemingly in strong contrast to the markedly different Sc-N-C bond angles. Indeed, an NBO analysis 37 of 1a′ revealed that in the NLMOs (natural localized molecular orbitals) which represent the β-C-H bonds, only 1.3% of the electrons are delocalized towards Sc. It is therefore unlikely that this small electronic effect is the primary cause for the observed tilting of the amido ligands. Optimizing the geometry of a modified model system 1a″, in which all iPr groups of the ligands are replaced by methyl groups, revealed that the sterics play the key role instead. In 1a″, all Sc-N-C bond angles involving the terminal ligands are now larger than 120°(120.3°/127.9°and 122.3°/126.7°, respectively), and no elongation of β-C-H bonds is observed anymore (for details, see the ESI ‡). The β-agostic interactions observed in these complexes are therefore a consequence rather than a cause of the asymmetric coordination mode of the amido ligands. Steric factors have also been shown to play a role in agostic amido complexes of Ti. 28, 38 In contrast to the lithium complexes LiLn(NiPr 2 ) 4 (THF) (1, 2), the sodium derivatives can accommodate a second donor molecule to yield bis(THF) adducts NaLn(NiPr 2 ) 4 (THF) 2 (3) (Fig. 3 and S7 and S8 ‡). This involves a switch to an orthorhombic crystal system (space group P2 1 2 1 2 1 ), with one molecule in the asymmetric unit. The metrical parameters obtained from X-ray structure analyses are listed in Table 2 . Similar to all complexes of the type AMLn(NiPr 2 ) 4 (THF) n the geminal isopropyl groups exhibit an antiperiplanar and gauche conformation for terminal and bridging amido ligands, respectively, allowing for effective secondary interactions.
Tris(amido) complexes Ln(NiPr 2 ) 3 (THF) (Ln = Sc (4a), Lu (4b)). Following the reaction pathway B, alkali metal-free diisopropylamide complexes Ln(NiPr 2 ) 3 (THF) (4) could be straightforwardly obtained for the small metal centres Sc(III) and Lu(III) by using 2.5 equivalents of LDA. The crystal structure analysis of the scandium derivative 4a confirmed the molecular composition proposed by NMR spectroscopy and the absence of lithium in the crystal lattice (Fig. 4) . 22 3 (THF) allow for direct comparison of alkyl and silylamide coordination. In the case of the diisopropylamide complex 4a, a less pronounced delocalization of the negative charge within the Lu (5d) ). Further attempts to obtain alkali metalfree non-ate lanthanide diisopropylamide complexes by using 1.6-2 equiv. of LDA led to the formation of dimeric [Ln(NiPr 2 ) 2 (THF)(µ-Cl)] 2 (route C, Scheme 1: Ln = Sc (5a), Y (5b), Lu (5d); Fig. 5 , S9, ‡ and Table 3 ). Similar chloro(halo)-bridged rare-earth metal bis(trimethylsilyl)amido complexes are known, {Ln[N(SiMe 3 ) 2 ] 2 (THF)(µ-Cl)} 2 (Ln = Ce, Pr, Nd Sm, Gd, Dy, Y, Yb) 39 including the THF-free ytterbium derivative.
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The more relevant bis(dimethylsilyl)amido chlorides {Ln[N(SiHMe 2 ) 2 ] 2 (THF)(µ-Cl)} 2 were structurally authenticated for scandium and yttrium. 40 Complexes 5 crystallized from n-hexane very slowly in the form of stacked layers, which were difficult to separate and hence markedly affected the X-ray diffraction measurements. The solid-state structures revealed six independent molecules in the asymmetric unit (Fig. S10 , ‡ monoclinic space group Pc), accounting for lengthy data acquisitions. For this reason, only the unit cell parameters of scandium complex 5a were determined, crystallizing isomorphously to 5b-d. Analysis of the crystallographic data of the lanthanum reaction revealed two distinct molecules (denoted as 5c′).
In complexes 5b and 5d the rare-earth metal centres are bridged by chloro ligands building Ln 2 Cl 2 rhombi with almost equally long edges and Ln-Cl-Ln angles larger than the respective Cl-Ln-Cl angles. The Ln(III) centres adopt a distorted trigonal bipyramidal coordination geometry, with the atoms N1, N3, and Cl2 in the equatorial positions and Cl1 and O1 arranged apically.
The deviation from the linearity of the Cl-Ln-O angles by about 23°can be explained by the bulkiness of the diisopropylamido ligands, which causes the bending of the THF ligands toward the Ln 2 Cl 2 rhombi. The Ln-Cl bond lengths are in the range of those detected previously for similar heteroleptic complexes. 39 Moreover the large difference between the Ln-N-C angles is accompanied by secondary interactions between the metal centres and β-H atoms of the diisopropyl amido groups. a The solid-state structures of 5b and 5d contain six independent molecules each in the asymmetric unit (see the ESI). Representative metrical parameters are listed only for molecule 1. b N3 = N2; Cl2 = Cl1′; Ln2 = La1′. Fig. 6 Crystal structure of [La(NiPr 2 ) 2 (THF)(µ-Cl)] 2 ·La(NiPr 2 ) 3 (THF) 2 (5c'). Non-hydrogen atoms are represented by atomic displacement ellipsoids at the 30% level. Hydrogen atoms are omitted for clarity. The monomer ( part 2) is heavily disordered and a partial disordering model is shown in the ESI (Fig. S11 ‡) . For selected bond lengths and angles of part 1, see Table 3 .
For the largest rare-earth metal lanthanum, the 1.6-equiv. reaction led to single crystals consisting of two different compounds, [La(NiPr 2 ) 2 (THF)(µ-Cl)] 2 ·La(NiPr 2 ) 3 (THF) 2 (5c′). Apparently, chloro-bridged [La(NiPr 2 ) 2 (THF)(µ-Cl)] 2 (denoted as part 1) and the bis(THF)tris(amido) complex La(NiPr 2 ) 3 -(THF) 2 ( part 2) display equally favoured products (Fig. 6) . In contrast to the related complexes 5a, 5b, and 5d, the unit cell of 5c′ contains two molecules each of parts 1 and 2.
Useable crystal data could be collected at temperatures ≥173 K, as further temperature decrease led to crystal cracking and signal splitting. Unfortunately, 5c′ suffers from several disorders, especially in part 2 (Fig. S11 ‡) . The metrical parameters of the chloro-bridged part 1 are in line with those of complexes 5b and 5d (Table 3 ). Due to the strong disorder of trigonally bipyramidally arranged part 2 the respective bond lengths and angles are not discussed here (cf., 6).
Alkali metal-free tris(amido) complex La(NiPr 2 ) 3 (THF) 2 (6). Recrystallization of the mixed complex 5c′ from n-pentane/THF gave exclusively the complex La(NiPr 2 ) 3 (THF) 2 (6) (Scheme 1 and Fig. 7 ). For comparison, the isostructural bis(dimethylsilyl)amido complex La[N(SiHMe 2 ) 2 ] 3 (THF) 2 was described by our group back in 1998. 5c It is noteworthy that pure complexes Ln(NiPr 2 ) 3 (THF) x of the smaller-sized scandium, lutetium (x = 1, 4), and yttrium (x = 2) could be obtained via protonolysis of Ln(CH 2 SiMe 3 ) 3 (THF) 2 with isopropylamine. 22 The crystal system (orthorhombic space group Cmc2 1 ) and atomic connectivity of heavily distorted Y(NiPr 2 ) 3 (THF) 2 determined earlier could be confirmed for lanthanum complex 6. Not surprisingly, the molecular structure of 6 obtained at 150 K was disordered, but clearly revealed a regular trigonal bipyramidal coordination sphere around the lanthanum centre with three diisopropylamido ligands in the equatorial and the THF units in the axial positions (cf., 5c′, part 2). Furthermore, Ln-N-C shows only small differences in angles for La1-N1-C1 and La1-N1-C3 and almost ecliptic conformation of the geminal isopropyl groups. In contrast the geminal isopropyl units connected to N2 and N3 feature antiperiplanar conformation with one narrow and one wide La-N-C angles, which points to additional secondary interactions between β-H atoms and the metal centre. The Ln-N bond lengths of av. Alkali metal-free bis(amido) complexes Ln(NiPr 2 ) 2 Cl(THF) 2 (Ln = Sc (7a) and Lu (7b)). Recrystallization of the chlorobridged complexes 5a and 5b from n-pentane/THF mixtures gave the monomeric five-coordinate complexes Ln(NiPr 2 ) 2 Cl(THF) 2 (Ln = Sc (7a) and Lu (7b), Fig. 8 and S12 ‡) . Excess of donor solvent THF disrupts the chloro bridges to afford bis(THF) adducts which are structurally similar to the binaphthylamido yttrium complex [{R-C 20 H 12 (NC 5 H 9 ) 2 }YCl(THF) 2 ]. 41 The X-ray structure analyses revealed a distorted trigonal bipyramidal environment around the metal centres, with both THF molecules located axially and the two diisopropylamido groups as well as the chloro ligand in the equatorial positions. The two oxygen atoms of both THF are slightly bent toward the chlorine atom while the diisopropylamido ligands engage in secondary Ln⋯CH interactions as indicated by distinct Ln-N-C angles. The Ln-Cl terminal bond lengths of 7a (2.453(2) Å) and 7b (2.539(2) Å) are slightly shorter than those in [{R-C 20 H 12 (NC 5 H 9 ) 2 } YCl(THF) 2 ] , 41 mainly due to the difference in metal ion radii. THF-free yttrium ate complex LiY(NiPr 2 ) 4 (8). Employing donor (THF)-free YCl 3 and 2 equiv. LDA according to route D (Scheme 1) led to the isolation of the ate complex LiY(NiPr 2 ) 4 (8). The X-ray structure analysis confirmed a tetrahedrally coordinated rare-earth metal centre as in complexes 1-3 ( Fig. 9 and 10, space group P21/c) with metrical parameters very similar to THF-coordinated complexes LiY(NiPr 2 ) 4 (THF) (1b) and NaY(NiPr 2 ) 4 − described by Evans et al. 42 Closer inspection of the solid-state structure of complex 8 revealed the occurrence of intermolecular Li⋯CH 3 (iPr) contacts (Li1⋯C21′ 2.569 Å, Li⋯H21c′ 2.206 Å), leading to an infinite chain structure ( Fig. 9 and 10 ). Similar intermolecular AM⋯CH 3 interactions were previously detected in divalent bis(trimethylsilyl) amide complexes {AMSm[N(SiMe 3 ) 2 ] 3 } n , which form a chain structure (AM = Na) and a two-dimensional network (AM = K), respectively, depending on the size of the alkali metal AM. 43 The chain-like solid-state arrangement of 8 is in stark contrast to that of the related bis(dimethylsilyl)amide complex {LiY[N(SiHMe 2 ) 2 ] 4 } 2 (space group P1), which assembles as dimers involving two close intermolecular Li⋯H-Si bridges (Fig. 9 , Li⋯H 1.87(1) Å). 44 . 46 The Sc 4 Li 2 ate-complex 9 is composed of two [Sc(NiPr 2 )(μ-Cl)(THF)] 2 units, which are connected to a central Li 2 Cl 2 rhombus via a total of four bridging chloro ligands (Fig. 11) . The scandium centres adopt an almost square pyramidal coordination geometry with the THF and three chloro ligands in the basal as well as the diisopropylamido group in the apical positions. The ten chloro ligands constitute four Sc-Cl-Sc, four Sc-Cl-Li, and two Li-Cl-Li bridges, the latter two creating a heavily distorted tetrahedral environment around the lithium atoms. The geminal isopropyl groups display an antiperiplanar conformation and distinct Sc-N-C angles pointing toward β-H agostic interactions with scandium. The tetrameric complex [Sc(NiPr 2 )Cl 2 (THF)] 4 (10) features a Sc4 zigzag arrangement with two distinct scandium coordination environments (Fig. 12) . The peripheral scandium atoms are coordinated in a distorted square pyramidal fashion with the amido nitrogen atom in the apical position and the THF, one terminal (Cl3) and two bridging chloro ligands (Cl1 and Cl4) forming the base. The inner scandium atoms show a distorted octahedral coordination with one bridging chloro ligand and the amido ligand in the apical and three bridging chloro ligands and one THF ligand in the equatorial positions. All scandium atoms are connected via two chloro bridges. The central Sc2-Cl2-Sc2′-Cl2′ ring is planar whereas the outer Sc2-Cl1-Sc2-Cl4 rings are not. Other alkali metalfree mixed amido/chloro rare-earth metal complexes with an amido : Ln ratio <2 feature above-mentioned monomeric Sc[N(SiMe 3 ) 2 ]Cl 2 (THF) 2 , 45 
Conclusions
Depending on the size of the rare-earth metal centre, careful choice of the synthesis conditions and molar ratios of the precursors gives access to a number of mono, bis, tris, and tetra (diisopropylamido) derivatives. Ate complexes of the type (AM)Ln(NiPr 2 ) 4 (THF) n (AM = Li, Na; n = 1, 2) and chlorobridged complexes [Ln(NiPr 2 ) 2 (µ-Cl)(THF)] 2 can be obtained for the entire Ln size range in good to very good yields, applying salt metathesis reactions in n-hexane and AM(NiPr 2 ) : LnCl 3 (THF) x ratios ≥3 and 1.6-2, respectively. In particular, the latter heteroleptic derivatives including the newly designed monomeric Ln(NiPr 2 ) 2 Cl(THF) 2 (Ln = Sc, Lu) might be useful precursors for subsequent salt metathesis or amine elimination reactions. For the smallest rare-earth metal centres scandium and lutetium, the synthesis of ate-free tris(amido) complexes Ln(NiPr 2 ) 3 4 (THF) n (AM = Li, Na) seems less affected by the size of the rare-earth metal centre than the size of AM (Na + > Li + ). Moreover, the formation of intramolecular Ln⋯CH(NiPr) β-agostic interactions seems less pronounced than in the corresponding bis(dimethylsilyl) amide complexes. DFT calculations and NBO analysis suggest the asymmetric coordination mode of the diisopropylamido ligands observed in the complexes under study and hence steric factors are rather the cause of weak β-agostic interactions than the consequence of it. Seemingly long overlooked, diisopropylamido derivatives of the rare-earth elements, in particular complexes Ln(NiPr 2 ) 3 3 (THF) will carry on Don Bradley's legacy of fundamental organoamide chemistry.
Experimental section

General considerations
All operations were performed with rigorous exclusion of air and water, using standard Schlenk, high-vacuum, and glovebox techniques (MB Braun MB150B-G-I; <1 ppm O 2 , <1 ppm H 2 O). n-Hexane, n-pentane, and THF were purified by using Grubbs columns (MBraun SPS, Solvent Purification System) and stored in a glovebox. Benzene-d 6 (99.5%) was received from Deutero GmbH and toluene-d 8 (99.5%) from Euriso-top. All deuterated solvents were dried over NaK alloy for a minimum of 48 h, and filtered through a filter pipette (Whatman) before use. n-Butyllithium (2.5 M in n-hexane) and diisopropylamine (99.95%) were obtained from Sigma-Aldrich. Anhydrous LnCl 3 were purchased from ABCR and converted to LnCl 3 (THF) x via Soxhlet extraction. LDA 25 shifts are referenced to internal solvent resonances and reported in parts per million relative to TMS. IR spectra were recorded on a Nicolet Impact 410 FTIR spectrometer using a DRIFT chamber with dry KBr/sample mixtures and KBr windows. For the latter the collected data were converted using the Kubelka-Munk refinement.
Syntheses
LiLn(NiPr 2 ) 4 (THF) (1) . All of these complexes were synthesized in the same manner using 1 equiv. of LnCl 3 (THF) x and 3 equiv. of LDA in n-hexane. The synthesis of 1a is described in detail.
LiSc(NiPr 2 ) 4 (THF) (1a). To a suspension of 0.511 g ScCl 3 (THF) 3 (1.39 mmol) in 10 ml n-hexane was added under vigorous stirring 0.440 g LDA (4.11 mmol). After stirring overnight at ambient temperature the colour of the suspension changed from white to yellow. The LiCl formed was separated by centrifugation and subsequent filtration of the supernatant. The solution was concentrated in vacuo and the product purified by crystallization from n-hexane at −35°C, yielding 0.361 g (0.688 mmol, 50%) of the crystalline product. 1 4 (THF) (2). All of these complexes were synthesized in the same manner using 1 equiv. of LnCl 3 (THF) x and 3 equiv. of NDA. The synthesis of 2a is described in detail.
NaSc(NiPr 2 ) 4 (THF) (2a) . To a suspension of 44.7 mg ScCl 3 (THF) 3 (0.12 mmol) in 7 ml n-hexane was added 45 mg NDA (0.36 mmol) under vigorous stirring. After stirring overnight at ambient temperature the colour of the suspension changed from white to slightly yellow. The NaCl formed was separated by centrifugation and subsequent filtration of the supernatant. The solution was concentrated in vacuo and the product purified by crystallization from n-hexane at −35°C, yielding 36 mg (0.067 mmol, 55%) of the crystalline product. 1 NaLn(NiPr 2 ) 4 (THF) 2 (3). All of these complexes were synthesized in the same manner using 1 equiv. of LnCl 3 (THF) x and 3-4 equiv. of NDA. Representatively, the synthesis of 3a is described in detail.
NaSc(NiPr 2 ) 4 (THF) 2 (3a). To a suspension of 0.361 g ScCl 3 (THF) 3 (0.979 mmol) in 10 ml n-hexane was added under vigorous stirring 0.491 g NDA (3.916 mmol). After stirring for 72 h at ambient temperature the colour of the suspension changed from white to deep yellow. The NaCl formed was separated by centrifugation and subsequent filtration of the supernatant. The solution was concentrated in vacuo and the product purified by crystallization from n-hexane at −35°C, yielding 0.103 g (0.168 mmol, 17%) of the crystalline product. 
